Pediat. Extract showed constantly elevated levels of glycine (6.0-10.0
Our previous study demonstrated a block in glycine cleavage reaction in the liver from two patients with hyperglycinernia of the nonketotic type. The present study extended this work t o two other patients with nonketotic hyperglycinernia and a patient with ketotic hyperglycinemia. The liver specimens obtained from these patients by autopsy or biopsy were studied for the activities of glycine cleavage reaction and of serine hydroxymethylase.
A low activity of glycine cleavage reaction was found in all three patients with nonketotic or ketotic hyperglycinemia, whereas the activity of serine hydroxymethylase remained within normal limits. Speculation mg/100 ml) and normal levels of propionic acid, methylmalonic acid, and isovaleric acid in the blood. No ketoacidosis was present. The liver specimen was biopsied at the age of 5 years.
Case LK, a girl (nonketotic hyperglycinemia), was born after a full term pregnancy and spontaneous delivery. The girl was normal up t o the 4th day of life, when she was found t o be comatose and hypotonic. Laboratory examinations revealed a high level of serum glycine (17 mg/100 ml) and normal levels of propionic acid, methylmalonic acid, and isovaleric acid in blood.
No ketoacidosis was present. The patient died on the 5 t h day of life and the Liver specimen was obtained immediately after death.
Case VA, a girl (ketotic hyperglycinemia), was born after a full term pregnancy and spontaneous delivery. She began t o The present suggests that a in the glycine vomit in the lst week of life. The was hospitalized at the cleavage reaction, either primarily or secondarily, plays a n important role in glycine accumulation in both types of age of 2.5 months, when she was comatose, dehydrated, and hyperglycinemias.
grossly underweight. Laboratory examinations showed a high level of serum glycine (9.0 mg1100 ml) and a remarkable elevation of propionic acid (716 rng/lOO ml) and methylHyperglycinemia represents a group of disorders charac-malonic acid (12.1 mg/100 ml). Marked acidosis was present, terized by elevated concentrations of glycine in body fluids. indicating blood Ph 7.06, H e 0 3 9.5 mEq/liter, and acetonuria. The disorder is now divided into two forms, the ketotic and She died 4 8 hr after admission in spite of intravenous fluid the nonketotic. In nonketotic hyperglycinemia, a defect of the therapy and peritoneal dialysis. The liver specimen was glycine cleavage enzyme in the liver was found t o be obtainedimmediatel~ after death. responsible for the accumulation of glycin (5, 12, 13) . On the Case OR ( t r i s o m~ 13) died a t 4 months of postnatal age; other hand, it has been demonstrated that ketotic hyper-the liver specimen was obtained immediately after death. glycinemia is virtually due t o propionic acidemia, methylCase MM (congenital heart disease) died at 3 days of malonic acidemia, isovaleric acidemia (2, 6, 11). However, the postnatal age; the liver specimen was obtained immediately mechanisms of abnormal accumulation of glycine remain after death. unsolved in ketotic hyperglycinemia.
Case H Y (pneumonia) died at 6 days of postnatal age; the Recently we had the opportunity to investigate the activity liver specimen was obtained immediately after death. of the glycine cleavage enzyme in the liver obtained from two
The liver specimens from the latter three patients served as patients with nonketotic hyperglycinemia and one patient controls. These control specimens were comparable with those with ketotic hyperglycinemia.
from hyperglycinemic patients in respect t o age and time of storage. The liver specimens obtained from the patients were deep frozen (-80') until analysis. Using the liver homogenate, MATERIALS AND METHODS glycine cleavage reaction was estimated by the method described previously (12) , with addition of tetrahydrofolate ( 1 Case MF, a girl (nonketotic hyperglycinemia), was born pmol), pyridoxal phosphate (1.5 pmol), and NAD (1 pmol) after a full term pregnancy and spontaneous delivery. Her into the assay system. The activity of serine hydroxymethylase neonatal history was uneventful. After the first attack at 3 was determined by the method of Bertino e t al. (4) . Glycine months of age, the patient had occasional episodes of general concentration of the liver homogenate was determined by the convulsions. Mental retardation became evident gradually. She method of Alexander e t al. (1) .
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RESULTS

Table 3. Glycine concentration in liver
Data o n glycine cleavage reaction and serine hydroxymethylase are shown in Tables 1 and 2 .
It was found that ' ~0~ formation from (1-l4 ~)~l~c i n e was distinctly low not only in the livers from the patients with nonketotic hyperglycinemia, but also in the liver from one patient with ketotic hyperglycinemia (methylmalonic acidemia), as compared with that in livers from corn arable control
J:
subjects. The incorporation of ' 4~ from (1-I C)glycine and (2-14C)glycine into serine was about equal in the livers of the patients, whereas, in control livers, the amounts of ( I 4 C)serine from ( 2 -' 4~) g l y c i n e were nearly twice the amounts formed with (1 -' C)glycine.
These findings indicate a block of the glycine cleavage reaction in the patient's livers. There was n o significant difference of the activity of serine hydroxymethylase between the livers of the patients and those of the control subjects. Table 3 shows that glycine concentration was h g h e r in hyperglycinemic livers than in control livers. These results indicate that a dilution b y endogenous glycine is insignificant in the present experiment with ( ' 4~) g l y c i n e , inasmuch as excess glycine (10 pmol Methylene-THF + glycine + serine + T H F (serine hydroxymethylase) (2) Therefore, in the newly synthesized serine one carbon, the carboxyl carbon, originates from the first carbon of glycine and the two others, carbon 2 and 3 of serine, from the second carbon of glycine.
The data mentioned above clearly indicate a block of the glycine cleavage reaction in the liver of hyperglycinemia. Ando et al. (3) studied the in vivo conversion of intravenously ' injected (~-'~~)~l~c i n e t o respiratory C 0 2 in three patients Glycine cleavage reaction consisting in oxidative cleavage of with nonketotic hyperglycinemia and three patients with glycine into methylene tetrahydrofolate U H F ) , CO2, and propionic acidemia (ketotic hyperglycinemia), N H~ has been extensively studied by Kikuchi et al. (7) (8) (9) (10) in They found that all patients of both nonketotic and ketotic rat liver. In in vitro systems, the glycine cleavage reaction is type revealed an extremely low conversion of (1-1 4clglycine usually accompanied by the concomitant synthesis of serine, t o co2 as compared with that in control subjects even when a as can b e explained by t h e following Sequences of reactions.
hyperglycinemia state was produced by continuous infusion of nonisotopic glycine to these control subjects. These findings are consistent with a block in glycine cleavage reaction in both types of hyperglycinemia. Studies of leucocytes and fibroblasts have proven without doubt that the genetic lesion is a defect of propionyl-CoA carboxylase in propionic acidemia and a defect of methylmalonyl-CoA mutase in methylmalonic acidemia. It is, therefore, reasonable t o presume that a block in glycine cleavage reaction observed in the liver of the patient with methylmalonic acidemia is a secondary metabolic disturbance. However, the problem of why glycine cleavage reaction is disturbed in methylmalonic acidemia remains unsolved. In nonketotic hyperglycinemia, a defect of the enzyme catalyzing glycine cleavage reaction is probably primary lesion.
The present studies suggest that a block in glycine cleavage reaction, either priqarily or secondarily, play an important role on glycine accumulation in both types of hyperglycinemia.
SUMMARY
The liver specimens obtained from two patients with hyperglycinemia of nonketotic type and a patient with hyperglycinemia of the ketotic type were studied for the activities of glycine cleavage reaction and of serine hydroxymethylase.
A low activity for the glycine cleavage reaction was found in all three hyperglycinemic patients, whereas the activity of serine hydroxymethylase was within normal limits. These findings suggest that a block in glycine cleavage reaction may be a common mechanism for glycine accumulation in both types of h.yperglycinemia.
